Goal: To evaluate the impact of iodine-131 therapy received during childhood and adolescence and correlate it with the quality of life in these patients. Methods: We studied 19 patients diagnosed with cancer in childhood or adolescence who underwent thyroidectomy and supplemental therapy with I-131. We also recruited a control group of healthy subjects with the same demographic parameters. All patients were subjected to a scintigraphy examination of the salivary glands, and were also asked to complete a questionnaire in order to assess their overall quality of life. In addition, a more specific questionnaire for patients with head and neck cancer was also given to all study participants. Results: The quantitative and qualitative analyses of the salivary glands showed functional deficits with greater involvement of the parotid gland for volume, concentration and excretion. The right submandibular gland showed significant changes for volume in the patient group. The questionnaires made it possible to observe significant differences between the patient and control groups for symptoms such as thick saliva, dry mouth and speech problems. Conclusion: In spite of being very effective and widely used, iodine radionuclide therapy * Corresponding author.
Introduction
In general, differentiated thyroid carcinoma (DTC) is a condition less frequent in children or adolescents than in adults, ranging from 0.3% to 3% of malignant neoplasia [1] . In 90% of all cases there is involvement of cervical lymph nodes at diagnosis, which by itself is not the worst prognosis [1] - [5] . In spite of cervical lymph node involvement and frequent detection of metastases at diagnosis, children with DTC have a better prognosis than adults. There are reports of patients reaching 90% of their life expectancy after 15 to 20 years of follow up [6] .
The initial treatment for DTC is surgical, with total thyroidectomy, with or without dissection of the associated lymph node. Complementary therapy with radioactive iodine is an almost universal approach because it is efficient, accessible and well tolerated [2] [3] .
Salivary glands concentrate iodine by substituting iodine as a substrate for the Na + /K + /Cl − co-transport system. This ability to concentrate iodine and radioactive iodine makes the salivary glands potential targets for the diagnostic or therapeutic use of these substances. However, as a consequence, sialadenitis, taste disturbances, xerostomia and an increase in the number of dental caries are short and long-term side effects of radioiodine therapy (RIT) [7] - [10] . As important as the cancer treatment itself is the evaluation of the lasting effects of this treatment and the implications for social aspects of the disease.
The quality of life assessment has been used in health programs as an indicator of the effectiveness and impact of some treatments. This measurement has enhanced the diagnostic evaluation of the nature and severity of diseases, and is used for prognostics, therapeutic efficacy and etiological factors [11] [12] .
Instruments that measure quality of life have been developed and assessed, since they allow for the identification of problems in areas such as emotional state, general physical state and social interaction, as well as the design of appropriate intervention programs, enabling the modification of variables that could negatively impact the multidisciplinary follow-up of cancer patients [13] [14] .
Finally, due to the paucity of studies on the effects of radioactive iodine therapy in children and adolescents on quality of life, further studies are needed. Thus, the goal of this study was to investigate these potential effects on those patients in terms of quality of life with emphasis in salivary morbidity.
Materials and Methods

Data from the Patient Group
This was a case-control study which examined the medical records of 60 patients who had a diagnosis of DTC during childhood or adolescence, up to 18 years of age. This study included patients with a histopathologic diagnosis of DTC who had undergone total thyroidectomy with supplementary iodine radionuclide therapy from 1998 to 2008. Of the 60 subjects identified on medical records, 19 were recruited with a mean age at diagnosis of 13.5 years (SD ± 3.2), ranging from 7.6 to 18 years. During recruitment the mean age was 19.4 years (SD ± 3.92), ranging from 15 to 28 years. The group was comprised of 3 males and 16 females who accepted an invitation to participate. The remaining subjects were not found or refused the invitation. All patients answered two questionnaires to assess quality of life-one to collect general information (EORTC QLQ-C30) and the other specific to the head and neck (EORTC QLQ-H&N35). Moreover, scintigraphies of the salivary glands were also performed in order to detect abnormalities resulting from iodine therapy. This study was approved by our institutional research ethics committee and all patients or their parents gave their informed consent.
Data from the Control Group
As basis for a comparative analysis, healthy individuals were actively recruited to take part in the study. We excluded those who underwent ionizing radiation procedures in the head and neck or those who had a history of infectious disease in the oral cavity, including the salivary glands. We recruited 19 subjects with similar demographic characteristics to the patient group, including age and gender. The group had a mean age of 19.2 (SD ± 3.6), ranging from 15 to 27 years. They were all subjected to a scintigraphy examination of the salivary glands and also responded to the quality of life questionnaires. Before treatment for thyroid cancer none of them had problems with speech or eating.
Protocol for Salivary Gland Scintigraphy
After venous puncture in a superficial vein of the arm, dynamic salivary gland scintigraphy was obtained immediately after intravenous administration of 370 MBq of 99 m Tc-pertechnetate. Blood flow was measured and uptake and excretion were verified. The acquisition of images was performed in a dual head gamma camera equipped with low-energy and high resolution collimators (Millennium VG, General Electric Medical System, USA). A standard protocol was used with image acquisition every 3 seconds in the first minute, and every 30 seconds for the next 29 minutes, with a matrix of 128 × 128 pixels and magnification of 1.5 times. Stimulation with lemon juice was carried out 15 minutes into the study to stimulate salivary secretion.
At the workstation computer, regions of interest were drawn by hand on the salivary glands (parotid and submandibular salivary glands). As a measure of salivary gland function, the uptake of 99 m Tc-pertechnetate was calculated as a percent of the activity injected. In order to better understand salivary gland function and compare this function between groups, the ejection flow was also calculated. The ejection flow is the excretion fraction in relation to a determined time and was expressed as the elimination percentage per minute (%/min).
Quality of Life Questionnaire Assessment
Patients and the control group completed the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-C30) and a specific questionnaire for head and neck cancer (EORTC QLQ-H&N35).
The scores, which range from 0 to 100 points, were calculated according to the EORTC QLQ-C30 manual. A high score on the functional scale indicates good quality of life, while a high score on the symptoms scale indicates mild disease with symptoms and problems. The specific questionnaire (H&N35) consists of issues relevant to the problems reported in the thyroid tumor and its associated treatment [15] [16] .
The EORTC questionnaire is considered an integrated health assessment system related to the quality of life of cancer patients, being validated already in Brazil [16] . The QLQ-H&N35 is widely used in assessing the quality of life in head and neck cancer patients, and is a specific module that was applied in conjunction with the QLQ-C30 questionnaire to assess the overall quality of life [11] .
Statistical Analyses
The Fisher's test was used for statistical analysis of categorical variables and the Mann-Whitney test was used for continuous variables, since the distribution of some variables was not normal. For comparisons, a p < 0.05 was considered statistically significant. Data were tabulated and analyzed using SPSS software for Windows® version 17.
Results
Demographics
Out of the 19 patients selected, 16 were female (84%) and 3 were male (15.8%); in relation to diagnosis, 84% were due to papillary and 15.8% to follicular carcinoma. At the time of the study, 68.4% (13/19) were alive without disease, and 31.6% (6/19) were alive with disease or being monitored.
Scintigraphy of the Salivary Glands-Qualitative Analysis
Volume
The findings regarding volume changes were more evident on the right parotid gland in 52.4% of patients; however, the left parotid gland displayed alterations in 71.4% of patients. A slight change was observed in 40% of the control group. Changes were observed in the right submandibular gland in 28.6% of patients (p = 0.03), whereas in the control group there were no abnormal findings. On the left submandibular gland, abnormalities were observed in 33.3% of patients (p = 0.052), however, none of the alterations were categorized as severe deficits or absences. Mild abnormalities were seen in 5% of the control group ( Table 1) . Table 2 shows that the parotid glands displayed a decreased concentration of radiotracer-regardless of the degree-in 52.4% of patients in the right parotid gland (p = 0.004) and 66.6% of patients in the left parotid gland (p = 0.001).
Concentration
Excretion
With regard to excretion, Table 3 shows that excretions from the right parotid gland decreased by 52.4% in patients and by 15% in the control group. A higher proportion of affected cases, 67%, was seen in the left parotid gland.
Scintigraphy of the Salivary Glands-Quantitative Analysis
Quantitative analysis showed that the parotid glands displayed significant differences between groups upon measuring the excretion fraction (EF%) with reduced salivary excretion, considered at p < 0.05. The analysis showed no difference for half-life (T 1 2 ) nor for salivary excretion expressed as a percent age per minute (EF%/min). For the submandibular gland, the analysis showed no significant difference between groups (Table 4). Table 5 shows that the groups displayed significant differences in the results, including global health field (p = 
Quality of Life Assessment
Discussion
We enrolled 19 young adults who underwent total thyroidectomy for DTC and were referred for additional iodine radionuclide therapy in childhood and adolescence. There was a predominance of females, 16/19 subjects, equivalent to 84% of the group. Moreover, the distribution of histological types showed that 84% of individuals were affected by papillary carcinoma. Finally, all are alive, and the majority (68%), without active disease. It is undeniable that the introduction of iodine-131 therapy for DTC treatment changed the natural history of this disease, bringing increased survival. This data is valid both for adults as well as children and adolescents [2] [10]. However, despite the therapeutic effectiveness, a decrease in the quality of life of a portion of this population has been noticed. This has had an impact on patients' lives, especially because it deals with people re-integrated into society, as survivors, with the challenge of having to re-adapt to their daily routine. The scintigraphic assessment of salivary gland function is a widely known and documented technique, and is non-invasive, informative and easy to carry out. The scintigraphic assessment based on qualitative parameters showed a clear functional impairment of the salivary glands. The parotid gland showed a significant reduction in volume, with a proportionately greater involvement of the left parotid gland in 71.4% of the subjects. The submandibular glands were also compromised, but comparatively less. The parotid gland also showed a greater reduction in concentration and excretion, affecting particularly the right gland.
The aggressive treatment of a relatively nonlhetal cancer requires a considerable explication of the very serious issues of the overtreatment and potential morbidities. Almost inevitably, the salivary glands and oral mucosa are affected. So, sialoadenites and xerostomia have been considered as transient side effects of radioiodine therapy, but long term xerostomia have been described [17] . These findings are interesting, and it happens because of the higher concentration of iodine in the parotid. Rosario et al. (2005) assessed a group of young people regarding the safety of therapy with I-131. The authors found that the presence of xerostomia was related to radioiodine. The data was supported by assessment of the salivary gland [18] using scintigraphy. We found that out of 19 subjects treated with iodine-131, about 50% presented some type of abnormalities. The parotid glands dysfunction developed more frequently and more severely than submandibular glands after radioiodine ablation. This can be explained by the deleterious effects of I-131 that are concentrated in impairment of the salivary glands, particularly the parotid glands, impairing saliva production and affecting swallowing function [19] [20] .
A recent study evaluated the long-term side effects caused by radioiodine therapy. Age was considered a relevant factor, and patients older than 45 years showed less non-stimulated and stimulated salivary flow. Patients undergoing radioiodine therapy had difficulty in excreting saliva, mainly in the parotid glands [21] . Our study replicated the findings mentioned above, for the juvenile population, in which the main effect of iodine-131 on the salivary glands correlated with a difficulty to excrete saliva produced in normal amounts by ductal constriction induced by radiation [8] .
Furthermore, it should be stressed that these changes impact quality of life, such as complaints related to swallowing, distorted taste, and tooth decay. Moreover, one must take into consideration that iodine therapy in the juvenile population does not completely destroy the ability of the salivary glands to produce saliva, as the stimulus-response is still possible [21] [22] . Following the same line of reasoning, the measurements obtained by quantitative analysis showed, for the parotid glands, a significant difference between groups in excretion fraction (EF%), with reduced salivary excretion. There was no significant difference in relation to the submandibular glands. The data are of interest, because this assessment, carried out in an objective way, brings strength to the involvement of the parotid glands, found in visual analysis.
Upon the assessment of the head and neck domains, the patient group displayed xerostomia related to iodine therapy. As it happened to adult patients, the growing advances in the treatment of children and adolescents with chronic diseases brought up the concern regarding the quality of life of such population [23] ; these long-term effects of the iodine therapy have been reported in adults [24] , representing an impact on quality of life, which has also been detected by this study in the juvenile population. The resulting oral sequelae may cause substantial problems during and after radiation therapy and are major factors in determing the patient's quality of life.
Quality of life is a distinct and important emerging healt focus, guiding practice and research. The routine of life evaluation in clinical, economic and epidemiological studies promises a better quality of life and improved health optimization particularly in oncological patients. Thus, Table 5 shows meaningful data related to global health perception, speech problems, dry mouth and thick saliva. Furthermore, even if not significant, the notion regarding the existence of eating disorders and weight loss points toward a significant detriment in the quality of life. Therefore, among the many healthy problems encountered after radiation therapy there are a few that may interfere directly with the quality of life as showed in Table 5 . Alterations of taste sensation occurs as a result of the direct effect of radiation on the taste buds and due to change in the saliva [21] [25] . In most instances, tastes returns gradually to normal or near normal levels in the first year after therapy. Since taste loss can result in weight loss, the importance of dietary counseling should be stressed [26] . Depression and anxiety are particularly worrisome and have been reported in patients with DTC and are correlated with quality of life and social support.
One must consider as well that xerostomia may be influenced by psychological and somatic states, and by the hydration status of the patient, among other factors [11] [27] . However, such concerns shall be related to the consequences they entail, such as speech problems, identified through the application of QLQ-H&N35, and greater chance of tooth decay and consequently infections, compromising oral health.
In general terms, concern for patients' health after therapy has increased. Some authors point out the great repercussions on the lives of children and adolescents, as well as their families. Many topics have been covered, such as the impact of cancer diagnosis on children, but many of these show the impact on patients' families, with concerns regarding co-existence, integration, and the challenges facing these children in society. Given the importance of the topic, other studies in this direction and with a larger number of patients are welcome [28] [29] . The small sample size is the major limitation of this study. However, the instrument used QLQ-C30 questionnaire which is widely-used in quality of life research have well established norms derived from adult cancer population. It is important to emphasize that the patients allocated for this study came from various states in Brazil, of which many were more than one thousand kilometers from the study center. We believe that studies with larger populations will be necessary.
Conclusion
In conclusion, this study indicates that despite the safety and effectiveness of radioactive iodine therapy in children, damage arising from this treatment leads to a poorer perception of quality of life through QLQ-C30 and H&N35. Considering that this is a young population, these health problems can have great impact on their lives.
